man CA HI gene (CA2). This finding provides the second polymorphic marker for human chromosome 8 and, moreover, a molecular disease marker, because human CA H deficiency has recently been linked to an autosomal recessive syndrome of osteopetrosis with renal tubular acidosis and cerebral calcification. have been found in individuals that are homozygous for any of these variant alleles. Recently, however, a deficiency of human CA II has been identified as the primary cause of an inherited syndrome of osteopetrosis with renal tubular acidosis and cerebral calcification (13) .
Although all three carbonic anhydrase isozyme genes exhibit polymorphisms, it has not been possible to map them to human chromosomes bv cell hybridization methods because of the inabilitv to detect their gene products in somatic mouse-human cell hybrids. Using a cloned mouse CA II cDNA probe and a panel of mouse-human somatic cell hybrids, we have found that the structural gene for human CA II (designated CA2) is located on chromosome 8. This chromosomal assignment of CA2 in humans (i) provides a useful polymorphic marker for population and family studies, (ii) adds an important clinically related marker to the human gene map, and (iii) gives the chromosomal location for at least one and possibly two or more carbonic anhvdrase isozvme genes.
Carbonic anhydrase (carbonate dehydratase; carbonate hydrolyase, EC 4.2.1.1) is a zinc metalloenzyme that catalyzes the reversible hydration of carbon dioxide (1) (2) (3) . Because what appear to be evolutionarily homologous forms of this enzyme have been found in almost all organisms, including bacteria, carbonic anhydrase was probably present in the earliest organisms over two billion years ago (4). In reptiles, birds, and mammals (amniotes), three isozymes of carbonic anhydrase, designated CA I, CA II, and CA III, have now been characterized; and in mammals, it appears that the CA I and CA II genes are closely linked (for reviews see refs. 4 and 5). All of these isozymes are monomeric (Mr -29,000) enzymes that, although exhibiting a considerable degree of sequence homology, appear to have diverse physiological roles (4) (5) (6) . It is also possible that a seemingly distinct, membrane-associated human carbonic anhvdrase, tentatively designated CA IV (7) , and a mammalian mitochondrial carbonic anhydrase (8, 9) may represent additional isozymes. So far, in human tissues and cells, CA I has been detected primarily in erythrocytes, CA II in a wide variety of tissues, CA III mainly in red skeletal muscle, and CA IV in lung (4, 5, 7) . Several electrophoretic variants of human ervthrocyte CA I and CA II have been described, some of which occur at polymorphic frequencies (10) . An electrophoretically silent variant of human skeletal muscle CA III has recentlv been reported to occur at high frequencies in both Black and White populations (11) . In addition, the virtually complete absence of human erythrocyte CA I has been reported in individuals homozygous for a CA I deficiency gene (12) . No clinical defects MATERIALS AND METHODS Parental and Hybrid Cells. Cells from 10 unrelated humans and 3 different mouse cell lines were employed for somatic cell hybridization. These parental cells were fused in monolaver or suspension cultures with inactivated Sendai virus or with polvethylene glycol, and cell hybrids were isolated on selection medium as described (14) (15) (16) (19) ; JSR (JoSt X RAG) (20) ; NSL (GM2836 x LMI/TK-) (21) ; TSL (GM12808 X LM/TK-) (22) ; ATR (AlTr X RAG) (23); XTR (GNI194 x RAG) (22) ; and EXR (GM3322 x RAG) (19) . The individual cell hybrids examined are given in Table 1 .
On the same cell passage, hybrid cells were homogenized for enzyme marker examination (15, 24) and harvested for chromosome analyses (20) , and DNA was isolated for Southern filter hybridization testing (25) . Parental cells were analyzed by using the same procedures.
Hybridization Probe. The mouse CA II cDNA clone was de veloped from mRNA from spleens of anemic BALB/c mice and identified by positive hybridization, in vitro translation, and nucleotide sequence analysis (26) . The insert of the mouse CA II clone was removed from the Pst I site of plasmid pBR322 by partial digestion to avoid cleavage of both internal Pst I sites. The intact fragment was purified on a 5% acrylamide gel. It was then inserted into the Sph I site of pBR322 by G-C-tailing (27) , introduced into competent bacteria by transformation, and grown up by standard procedures (28) . One hundred micrograms of Abbreviations: CA, carbonic anhydrase; kb, kilobase pair(s).
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this plasmid was cut with Sph I, and 25 jig of insert was purified on a sucrose gradient (29) . The 1.5-kilobase-pair (kb) insert was labeled by nick translation with 32p to 1-2 x 108 cpm/ ,ug (28) .
Blotting, Hybridization and Washing. Ten micrograms of DNA from each cell line was cut with the restriction endonuclease BamHI at 2 units per ug of DNA for 3 hr at 370C, using the buffer conditions suggested by the supplier. DNA fragments were separated by agarose electrophoresis in a 0.8% gel in a horizontal apparatus and were transferred onto nitrocellulose by the method of Southern (30) . Before hybridization, filters were incubated for 3-5 hr at 420C in 10 ml of solution containing 35% (vol/vol) formamide, 0.75 M NaCl, 75 mM sodium citrate, 50 mM sodium phosphate buffer (pH 6.5), sheared and denatured salmon sperm DNA at 200 jig/ml, and 5x Denhardt's solution (31) . Filters were hybridized for strongly with the mouse CA II probe, or pseudogenes that have sequence homologies with CA II (4, 5) . Examination of Fig. 1 shows that there are two banding patterns for cell hybrids; one is identical to the mouse parental pattern (lanes 4-6), and the other demonstrates both mouse and human bands (lanes 7-9). The mouse pattern was scored negative, and the mixture of human and mouse bands was scored positive for retaining the human CA II gene. The lower intensities of the major human bands relative to the mouse bands are presumably due to the reduced cross-hybridization of the mouse CA II probe with the human CA II sequences, as well as the fact that not all cells in a given cell hybrid line retain the chromosome bearing CA2.
Cosegregation of the CA II Gene (CA2) with a Human Chromosome in Cell Hybrids. A chromosome assignment panel (33) consisting of 28 cell hybrids characterized for human chromosomes (20) and enzyme markers (33) was employed. In this panel human enzyme markers confirmed the presence of human chromosomes with an exception bearing on the regional assignment of CA2. The panel is redundant so that more than one cell hybrid will rule out a particular chromosome for gene assignment. Parental cells consisted of 10 unrelated human lines and 3 different mouse cell lines, eliminating unknowns possibly attributed to a single parental cell line.
Each cell hybrid was examined on the same cell passage for human chromosomes, human enzyme markers, and hybridization of the human CA II gene with the mouse CA II cDNA probe. The results are presented in Table 1 ; they show that the presence of the CA II gene (CA2) in cell hybrids correlates with the presence of chromosome 8. This is determined by comparing the scores for CA2 with the presence or absence of each human chromosome in all 28 cell hybrids. The presence of both CA2 and a chromosome, or their shared absence, is a concordant score. The presence of CA2 and not the chromosome, or the presence of a chromosome and not CA2, is a discordant score. Concordancy determines chromosome assignment and discordancy determines nonassignment. The percent discordance for each chromosome is substantial except for chromosome 8. The complete concordancy between chromosome 8 and CA2 demonstrates its assignment to chromosome 8. One cell hybrid, JSR-26C, was positive for the chromosome 8 enzyme marker glutathione reductase (GSR) and CA2, but an intact chromosome 8 was not seen by karyotyping. These findings indicate that fragments of chromosome 8 are present but not detectable by microscopy. Because GSR has been located in region 8p211 on the short arm of chromosome 8 (35) , and because JSR-26C retains both GSR and CA2 but not a detectable chromosome 8, it appears that CA2 is located near GSR on the short arm of human chromosome 8. Identification of the other cross-hybridizing bands and their chromosomal assignments was not possible in the cell hybrids because of their lower intensities (Fig. 1 In comparison with other chromosomes, chromosome 8 has had few genes assigned to it; nevertheless, these genes are of con- (20) . Enzyme markers were determined to confirm the chromosome analysis. The enzyme markers employed have been described (33) . f Cell hybrids with well-characterized reciprocal translocations from human parental cells have been included in this panel for possible regional assignments. References to these translocations are indicated. § In this cell hybrid the chromosome 8 marker glutathione reductase located at 8p211 on the short arm is present but an intact chromosome 8 was not observed, demonstrating a broken chromosome 8 in this cell hybrid. lOpter--q23 (unpublished data). 1 (35) there will be two polymorphic loci on the short arm of chromosome 8 for linkage and population studies. Because the glutathione reductase (Gr-1) and carbonic anhydrase II (Car-2) loci are not on the same chromosome in the mouse (46) , it should be possible to test the antiquity of the GSR-CA2 linkage. For example, GSR has been mapped to chromosome 7 in chimpanzee and gorilla and to chromosome 6 in orangutan (47) .
The fact that the genes for CA I and CA II appear to be closely linked in the mouse (Mus musculus) (48) , guinea pigs (Cavia spp.) (49) , and the pigtail macaque (Macaca nemestrina) (50) suggests that these two genes are probably also closely linked in humans. In view of the probable presence of CA I and CA 
